N-HSQC spectra suggest a well folded protein with a distinct three dimensional structure. Shifted peaks upon addition of coenzyme indicate tight binding. The apo spectrum (blue) includes 113 of an expected 114 peaks (including N-terminal Gly from TEV site). The oxidized (red) and reduced (green) coenzyme spectra contain 100 and 84 peaks respectively. Partial assignments for the apo-and oxidized F 420 spectra are presented in Supplementary Table 2 . Residues 13-28 are predicted to form a helix with a strongly hydrophobic face, as shown in this projection (Armstrong and Zidovetzki) . This may be the cause of the aggregation of the fulllength protein. It is unclear if Ddn is membrane-associated in vivo, but it has been identified in detergent extractions of M. tuberculosis as described in the main text (Sinha et al., 2002; Sinha et al., 2005) . The N-termini of Ddn and similar predicted split barrel-like proteins vary greatly and may be important for their native functions. Initially, mutations were made to the predicted N-terminal helix in order to remodel the hydrophobic face and prevent aggregation. Like the N-terminal truncations, these mutants behaved as monomeric proteins as determined by analytical size exclusion chromatography (see Table S1 ).
The 1 H-15 N-HSQC spectra of these mutants (F16A-F17D-W20D-I24A-W27D full-length Ddn shown here in blue) are very similar to that of NΔ30 (in red). This suggests that the N-termini of the mutants undergo conformational exchange. (B) Constructs were made to introduce up to three salt bridges into the putative N-terminal helix in order to stabilize its structure. The 1 H-15 N-HSQC spectra of these full-length Ddn mutants (D15E-F16A-F17D-W20D-I24A-W27D shown here) are very similar to that of NΔ30, except that there are approximately 18 additional NH peaks (out of 25 possible). This suggests a change in the kinetics of the conformational exchange process. However, the lack of shifts (beyond error in linewidths) among the shared peaks suggests that the N-terminus is not interacting with the core of the protein in the mutants. Figure S5 . NMR characterization of nfa33440 mutants Proton spectra of the indicated mutants are shown. All samples were acquired in PBS using excitation sculpting for water suppression (Hwang and Shaka, 1995) . The appearance of the spectra for all the mutants is very similar to wild-type protein and confirms they are well-folded with similar structures. The peaks for M59A have the largest chemical shift changes compared to wild-type and suggest this mutation may have had the most significant impact on the structure. The mutants W16A and T126A are missing peaks at 10.13 and 6.05 ppm respectively, probably corresponding to the amino acid amide protons. The linewidth is sensitive to F 420 occupancy and increases when the protein is a mixture of free and bound -presumably due to exchange between apo and complex. Consequently, the concentration of coenzyme required to achieve a linewidth comparable to apo protein is a useful indication of the concentration required for 100% occupancy and thus the affinity. The results indicate that the only mutant with compromised coenzyme binding is M59A. Samples were prepared with the listed mutant at a protein-to-F 420 ratio of 1:1.4 to 1:2 and a protein-to-PA-824 ratio of 1:0.6.
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The chemical shift changes in Hz were measured for five peaks of PA-824 by subtracting the chemical shift in the presence of protein from those measured in buffer alone. For a two state system undergoing fast exchange (k>>2πΔδ), the chemical shift should reflect the average of the two populations (Wuthrich, 1986) . Assuming that the chemical shift of the bound form is similar for all mutants, a larger chemical shift change reflects a greater bound fraction and provides an estimate of the relative affinity.
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T1ρ data were also acquired to provide additional confirmation. In this experiment, spectra were acquired using a CPMG sequence with a short (10 ms) and long (200 ms) mix time, and the percent intensity loss was determined (Intensity loss = 1-(Intensity 200ms /Intensity 10ms ). The intensity loss is related to the fraction bound (Dalvit, 2009 ).
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The grey shaded mutants appear to have altered PA-824 binding affinity based on T1ρ and chemical shift difference data.
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For S72V there is no indication of free compound peaks despite the appearance of a DMSO peak (compound was added from a DMSO stock). These data suggest that compound binding is in the intermediate exchange regime (k≈2πΔδ) resulting in significant line broadening. This is unlike all the other mutants and wild-type where PA-824 is clearly in a fast-exchange regime and suggests that this mutant may have increased affinity for the prodrug. This may be due to a change in the binding pose or a stronger hydrophobic interaction with the substrate but does not represent a more efficient orientation for reduction based on the activity measurements. Figure S6 . PA-824 titration of nfa33440 S72V (A) Overlaid proton spectra of 50 μM S72V with 30, 60, and 90 μM PA-824 in green, red, and blue respectively. (B) Overlaid spectra for 50 μM wild-type protein alone (red) and upon the addition of 30 μM PA-824 (blue). In each panel the spectrum for PA-824 is offset in order to readily identify compound peaks. Sharp peaks corresponding to PA-824 were observed for wild-type nfa33440 at a protein-to-drug ratio of 1:0.6. Compound peaks were not observed for the S72V mutant until much higher concentrations (a protein-to-drug ratio of 1:1.8) and were very broad. These data suggest that the S72V mutant has higher PA-824 affinity.
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Cellitti et al. Structure of Ddn, the Deazaflavin-dependent nitroreductase from Mycobacterium tuberculosis involved in bioreductive activation of PA-824 Supplementary Figure S7 , Related to Table 2 Figure S7. Cartoon of Ddn (Holo-1) and nfa33440 showing positions of residues mutated for functional studies. Residues tested that are also present in the structure are shown as sticks and colored in groups related to the presentation in Table 2 .
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